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Flv« httlthy m*la volurtMtt (afl»d 3% to 2* yaar») w*r» itudUd both altar 4 w»»ks of tr»*tm«rt*Wi JOOji'jlodJ/vt/d orally •
(POj and following axparfmarrtal kxJVit depletion by traatmant wfth S x XX) mfl parchlorru/d PO ovaf a 4-w**k parted. In an
•tUmpt to b«tt»r d»ftn« tJ» aarty adaptlva rttponita to an alteration In fcxfin* auppfy In thyroid function, fcrtrathyrofci*! lodlrvt,
Mfom trtlodothyronJr* fTJ. frM T| (FTJ. thyro*J<»« (TJ. fr«* T4 {FTJ. r»v*r»* T§ JiTjJ, thyroidrx-WndJflf pJoWIa fTBQI.'
thyroflobuQn (Tol and thyretropin (TSH) (avals {10-mtnut» umpflng ovw 24 houn) w«r» m«atur»d at th« toei of lodb*
admJnlrtratlon and at tfo and of p«fch!orata traatmant Thyroid votuma waa detarmbwcf by aonogrephy. and lodlna contani
wa» d«t*rmJrv»d by fluomcanc* *dntle«phy. TSH ptiUas wera analyzed by oomputar-a««l*t»4 proorama. Comparing botfc
axp«rim*nUl tltuitlont, parthlorata tr»itm»rrt tigntfteitittf raducad krtrathyroWal lodbta eorxantrrtian M-B * U «c SJS £ C^
nmol/mL. A < .OS), but thr«>y «->fcsB« *n^ tsta? tir»-?r, T«, 7^ rTj, we TBd *»»eJ» *»«rt net aft«n»i M**R 24^>our s*rgc» ?SH
Uvtit (1.1 * O.a to 1J * 8A »U/U ^ < ̂ ?'l ssiewiS of TSH Msr»i»c/p«iB< {CJ s g.t w »J * «.j »y/i,r < ^OIJ. and FT«
lavah (15,7 ± 1.7 to 14J t M prwi/L. / < ̂ 05) war* rientncantfy ominHhad. wharaw Tf hv«ff (11.1 * 10^ to JS.11144
nfl/mU ^ < .01) wara. alfinfficantty Incraaaad. ThyroJdtpactfic arrtBxxflat nvara nonnal and w*ra not aftaiad by traatmant.
Thata data mjjeit a Wjhar MAtttMty of tha thyroid to TSH In the aariy »daptattoa) to todta* daptatlon; thus, law,TSH b
•uffidant to matauta nonnaJ thyroid function.
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rpHE INFLUENCE OF dxsliry kxline dcfWcncy oa
X thyroid growth tad goiter fonnaiJon has been Ihor-

ou(hly documented,1 but the mechanUms Involved in this
paihophysio(og>c*l tdaptaiioo axe still the subject of consid-
erable controversy. Thyrotropin (TSH), vii cyclte »dcno-
sine monophotphile (cAMP)-depeodent pathways, has
been shown to directly stimulate specific thyroid functions
such u Iodine tripping, thyroid peroddasc, arid thyrogSob-
ulin (Tf) gene expression*4 IB many species, including
humans, TSH directly med»ic» diyran*e protifcnUic.': and
diffcrcntiKion, but these eSscU *-.- seen disputed ia
other species.* Severe iodiae deficiency decreases thyroid
hormone formation, and it has been argued that an accom-
panying Increase in circulating TSH scrum levels stimulates
goiter growth.M This paibophysiofogica! link between thy-
roidal iodine supply and TSH-mediatcd thyroid prolifera-
tion has been the basts of the treatment of endemic goiter
with thyroid hormones. However, an increased TSH secre-
tion has never convincingly been demonstrated In patients
with endemic goiter grade* I and II, suggesting that the
increase in TSH scrum levels occurs late in the disease.1-*-"
Bray11 explained this discrepancy by an increased sensitivity
of the thyroid to TSH in Iodine deficiency. With the recent
discovery that TSH is released in pulses,11-" this increased
sensitivity may, as an abenutibe hypothesis,, be explained
by changes In the patten of pulsatile TSH release. Iodine
deficiency may stimulate ttyrocyte proliferation not by an
Increase In circulating scrum levels of TSH, but by altering
the pattern of pulsatik TSH release. In the present study,
we tested healthy oak volunteers for potential early
chanees in the ttmcoainaO^ra witb«tuieKytJntconcea»
trttioA as* TSH la response U»fc4ccre«e far Iodine supply t*
the thyroid.

SUBJECTS AND METHODS
Fiw h**llhy mile subjcctt (tfed 25 to 23 vein) pmrtMptlt4 to

the nutty after tMnj urlnea Informed content. Special cm »u
Ukcn to cwure oormtl thvroid fnetloa by metturint ton! »nd
free ihyroxlne (T< »nd FT«) tod trflodoth/ronlne (T> *od

(Coraing. Giessea, Gennaay). and by deleminallc* of rhyrofd-
spedSc antibody feveai (thyrotd peraddaw antibodies, aaU-
thyfOflobufin aotibodfet, aad TSH-fee«p(or aatlbooTe*; Hennln^
B«di«, Cemuny). Kodahr thyrofcj dunges were esdwted by
kJfk-fr«rucoey sooognpiy (7^ MHi), «nd thyroid tizt wt« evthi-
ited by ultnuoond. Dnri^ d>e fint 4 wteki of tke Budy. 203 »i*/d
bdlae (Jodx5100, Merck, Darmctadt, GemaAy) was adminuJered

•orafly (PO). and al the cad «< t!sj« ptrisd biaod wu saa^acd under
' coaditioM (ileep occarred bciwcca 12^0 AM aad

v* Use fo*iowin£ onr. fatmilsvioM*! bdlsa span's! ==i a<:«.r-
mwea «* p* evxxJJjy decaibcd'4 by fluort«eenee jdntlfnpiy (Fluo-
rescence Sonnet Sysua 4202, EO*0 Iruirvmcnu, Mflncho,
Oerauav: mounted oa a fidter Miujnneiiutcr 500. Heker, O«r-
muqr) uxinj tmcridura 241 u Ibe lourtt of ndiaiJoa.

After iodine sappicacafailoa was dbcoattnucd, the subjects
were treated with 3 x 300 ng percMonte/d FO Qn&ti, Tropo*.
K^la, Germany) to Induce a state of iodine depletion. Al tie end of
a 4-we«k period of kxfioe depletioa, the bftiil H-baar blood-
sampling protocol and die evaluatin of honnooe lock, tbyrofd-
specific utfbody liters, iotnthyroidai iodlM coottnt, aad thyroid
tilt were repealed.

TV T«. FTj. FT«, and fliyrcorfne-bindin^ gtobuBa (TBO) icna
levels were measured as a aieaa of th terua cample* ebufned bt
Mwur hitetvals by comaureuny avallible radSofoumraoctsiy tfu
(Cornice. Gitfse*, Geaatry, {Uhripj. Wtrbejj. Cemuny). fc.
.nee revest T» (rTj} ccacealntioas were measured be Uie sanie
senue sample*, as prertarthr described.1* Tg iena bveJt we/t
delennined ia 30-mbutc tatemdt, end la t*di lO-afoau simple
TSH wu meatured by ew prevfourijr dooJbed nxthod,1* eifng
coomerciiny avalUble kunonotnelrie kits (Keening, Berfin, Oer-
many). Both rhythms of a* bdfvWual wtrtjested la Ac same set of
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To dcicrmtfve puk*tiJ< TSii re-1"*- «
cwputcf -nutted pmjrim f« pubc «ni!yiiv DGSADC, w»t u*cd.
with i ctkubted f»ic erf fitx'-poiitwe pulie* <rf Set* lh*« l"3.*
Crtai-cxWTcUlkxi hcltxrcn TSH ind Tf rtiythmi. UH'OJ X-minute
ln!erv»lk fcv hfHh horrooftet, wet performed ujinj i Kwnputtr-
tssklcd propr»m." Suiiitiol rvilujf kx» *t» perfoorved by ptired
Siudcnt't * ted,; v*!u« ire prc wnieJ H the mean t SO.

RESULTS
Mean thyroid volume In the vofunieens w« oot djnffi-

C4ni!/ different at the end o/ the kxlJnc suppfcincniation
pcrkx) irvd following pcrchiorilc trcitmcnt. Jo contrast,
IntniihyroidaJ kxJine conccntritkxs wu tf^niflcantry de-
creased by Iodine dcnJcivw TV- -̂ r~!:'-5 î ~r..T« concca-
treliorts of thyroid hcnrser.cs "•crs r,s( il^tiikanuy titercd
by enher trcaunenf, OnJv t-~mm FT« fcvjfa
ilightry but tijnificanJly. No chanees were tf?n t
FTj/FTi ritto, thyroJd-ipccISc antibody then, or TBG
icrum Jevcri (T»btc 1).

Scrum Icvcli of T{ almost doubled folfow?n| iodine
depiction, and this effect wai visible durinj tbe entire
24-hour period (FI$ 1. TubJe I). Data anaJjtk by both
cumputcr-asiistcd programs showed oo puka(3e rcfease
pattern of T(. and no dear Orcadian changes at Tf were
found. The pan cm of TSH secret ba during iodine cvppfe-
mcntaiion showed the expected pvtatBcr «nd circadtaa
variations (Table 2). Following perch ionic treatment, mean
*crum levels of TSH were ligntfictnlty diminished, but the
circadian paturn was niil prcicnt (Ftj I). The anaiysa o/
the pulsatile rc!c-ii£ paticra dcEnoastniied a significant
•rcduatcn in pu!« amplitude Ja eact rhythm, but ibe
numocr and cistrihutASA of TSii pubcs remained on-
crunpcd (Table 2). m> iipiiiicani crocKnrrciatxMbetwcca
Tg and TSH rhythms could be detected.

DISCUSSION
The importance of Iodine deficiency for joher formatted

k undisputed. TSH may mediate these effects by ks
interaction with Iodine uptake 'and organlficatlon and hs
role in thyroid growth rcjuJat Joa However, the patbopbyi-
iologlcal changes In TSH occurring during the transltioo
from normal dietary Iodine supply to (he supply expected ia
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alimentary kxfine deficiency are not wcfl mvcslipted.
ln-viuo and In-vfvo test situations in animal modcb and ia
wan generally focus either oo the TSH-dcpcndcat ihyrold
function foDowinj iodine exposure that is } 00-fold to
1,000-fold higher than expected, when changing from DOC-
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rrul to iodine-deficient locations, or during i blockage of
{odinc orpanlfkatlon severe enough to lead to hypotnyroJd-
iun.**"-2 In our study,» hichinorrrul di.ctiryi.iod!n_c_tupp<y
to the jh>rpid was ichkvcdby iupplcnxntatipjLQOf^jnc to
the mi1d)y_o^ck5»ynjakcjn,thc_rction,.k:*dinilo a dally
Iodine" intake approximately-cquiv»tcnt_lo._.lhat_in _lhe
United Stales. This was compared with a mild experimental
iodine deficiency clldied by pcrchloratc treatment and led
to a pronounced decrease in TSH scrum levels. These
changes arc in parallel to findings io rau. undergoing
decreased Iodine intake that initial}/ show no increase in
levels of TSH,* whereas * more totcnse iodine deficiency
leads to a continuous !ner?-SK: Jo TSH serum levels.'*-*
Comparative epldcmioJogicaJ studies » humans living to
regions with mild-to-modcrate dietary kxflnc deficiency
and regions with normal iodine supply, either in Italy or
northern Europe, showed a comparable reduction in TSH
serum levels in iodine deficiency similar to our findings,*-21

Development of thyroid autonomy has been suggested a*
the mechanism responsible for this reduction la senim TSH
level*'1-0; ihb interpretation Is no* supported by our data.
Development of autonomy within 4 weeks in healthy
subjects seems to be unlikely. The unchanged scrum kvds
of total thyroid hormones, and the slight decrease In PT«
levels may be a very carry sign of Insufficient thyroid
hormone synthesis. Our finding* instead point toward a
higher sensitivity of the thyroid to the effects of TSH under
conditions of iodine depletion. By Ibis mechanism. TSH
would more effectively ssieoss thyroid SK-raones, ami ths
would lead to a reduction if '̂r':— f-'jss TSH level*
via negative feedback. Our recent investigation of 24-hour
TSH rhythms in a group of nine patients with diffuse goiter
grade I, and in one case grade II, supports this finding, is
TSH serum levels In these patient groups were similarly
reduced compared with healthy controls.*'

• The exact mechanism of iodine interference with thyroid
function is unknown. It has been shown that a high kxfinc
supply inhibits TSH effects on cAMP formation.'"3 Changes
from • low to high-normal Iodine supply in the rat, in the
absence of measurable changes in thyroid hormone or TSH
plasma concentrations, result In structural alterations of
the thyrocytc, modification of the basolatcral transfer of
iodine, formation of lodolactones,** and decrease* in Tg
iodination and cndocytotic Cases.**2* Opposite effects oc-
curring as a firn adaptive mechanism of the thyrokf to
iodine depletion arc conceivable. Furthermore, Studcr et
al*1 provided evidence for a heterogeneous sensitivity of
Ihyrccytes to TSH in euthyroJd'sm. Recruitment of previ-
ously Insensitive thyrocytcs to TSH action may be another

mechanism of adaptation in iodine deficiency, and miy lead
to an increased surface area for iodise tapping. Contribut-
ing to this recruitment may be an Increase in thyroid blood
(low, as suggested by recent detailed studies in rats and in
humans showing an inverse relationship between thyroid
blood flow and iodine.*"

These observations are consistent with our results show-'
ing increased serum Tg levels. A partldpaiion of a higher
percentage of thyrocytes in thyroid hormone synthesis and
secretion in iodine deficiency may lead to an Increased
rcle&sc of Tg stored In thyroid foffidc*. Decreasing foHicu-
lar stores of Tg and therefore of Tg-bouad Iodine !n iodine
deficiency, together with, an increased efficacy in trapping
iodine, may be an csrty phystologJeai mecacotos oJ wspi*
lion to iodine deficiency.22-* Alternauvdjy, to Increased
de-novo synthesis of Tg may occur, aad the iodine content
of this newly formed Tg may be decreased in Iodine
deficiency. Since there are currently DO assays available to
determine the iodine content of Tg fa circulation, this
hypothesis cannot be further evaluated. FoOicular necrosis,
as discussed previously,13 may serve as another explanation
in our volunteers, but the consistcaKjr of thyroid hormone
levels in these healthy subjects argues against such aa
explanation. Finally, we could not confirm earlier findings
of a direct correlation between serum Tg levels and thyroid
weight, serum thyroid hormone conceatralions, or the
T»/T« ratio.0

Compuier-asxisicd analysis of the pattern of TSH sccre-
tsor. s«norj=ra:ci thai She iscr̂ ss Is mtss 24 hour TSH

• re<lt>eijn« •! «uJ*» ,
no change in the frequency of TSH poises or their distribu-
tion was found. Since the thyroid volume of the volunteers
was unaltered by treatment, these data are not necessarily
In contradiction to our initial hypothesis of an altered
specific temporal pattern of TSH stimulation of thyroid
proliferation. The decrease In TSH serum levels may occur
as a very early sign of adaptation of the thyroid to iodine
deficiency, because the sensitivity of thyrocytes is increased
and a greater number of thyrocytes participate in thyroid
function, thus reducing the requirement of pituitary TSH
stimulation. A further decrease ia dietary iodine supply or •
longer-lasting iodine deficiency may then alter scrum con-
centrations of TSH and/or the pulsatile pattern of TSH
secretion poscniUHy vis e decrease m {hyroid hormone
synthesis, subsequently stimulating tayroid growth.
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